unaware of synovial fistulae in relation to a knee joint having been previously described either as a spontaneous occurrence or as a complication of surgery. The case recorded here afforded a unique opportunity to study synovial fluid output in terms of diurnal volume and composition, including blood loss.
Case report
A 51-year-old woman previously in good health, first presented at another hospital with pain in the left forefoot.
Over the next 2 years she developed pain and swelling in the left wrist, the right knee, and the small joints of both hands. Rheumatoid arthritis was diagnosed and she was treated with phenylbutazone, indomethacin suppositories, and gold injections.
A tense swelling developed behind the right knee 6 months later. She was referred to a general surgeon and an initial diagnosis of fibrosarcoma was made. However, at operation, a synovial popliteal cyst was found and removed. After this, synovial fluid began to leak from the lower end of the wound and during the next 2 months a fistulous track developed ( Fig. 1 Coombs's test negative. Urea 30 mg./100 ml. Total protein 3-1 g./100 ml. Albumin 1-4 g./100 ml.
Faecal occult blood repeatedly negative.
Treatment
After an initial trial of rest in bed, it was decided that the only logical way of closing the fistula was to remove the source of the leaking fluid. A combined synovectomy and closure of the fistula was therefore planned. Before this operation was performed it was possible to study the patient in greater detail.
Results

SYNOVIAL FLUID VOLUMES
By applying an ileostomy bag over the fistula it was possible to obtain accurately timed collections of synovial fluid. The bag was changed at 06.00, 12.00, and 18.00 hours. The total volume of fluid was measured and kept in sterile containers at 4°C. Table I shows the daily and diurnal fluctuation in synovial fluid output. Three features of particular interest became apparent:
(1) The specimen of synovial fluid produced during the night was invariably clear but as soon as the patient started walking around it became uniformly blood-stained (Fig. 2) .
(2) The nocturnal resting volumes (18.00 to 6.00 hrs) were always less than the daytime collections. (3) On Day 8, when only 11 ml. of synovial fluid were collected, the knee became very painful and swollen, but this was dramatically alleviated the next day when 198 ml. of fluid were collected.
BIOCHEMICAL COMPOSITION
A comparison was made of various biochemical values in synovial fluid and serum (Table II) . Values for samples taken on different days are shown to give some idea of the variability encountered. As is usually found, the smaller molecular weight substances had similar values in serum and synovial fluid, while the larger molecular weight substances were found in a reduced concentration in the synovial fluid. FOLLOW-UP RESULTS 6 months after closure of the fistula the serum albumin had risen to 3-6 g./ml., but serum values for haemoglobin, platelets, and serum iron all remained unchanged compared to the preoperative levels. (Jayson and Dixon, 1970a) have shown increased pressure in the cyst compared with the joint cavity and pressure fluctuation in the cyst on tensing the quadriceps but no corresponding increase in the intra-articular pressure on pressing the cyst. Indeed, the pressure in the knee joint with quadriceps contraction may rise, in patients with effusion, well over arterial systolic pressure (Caughey and Bywaters, 1963) . Finally, post mortem studies show that the communication between the knee joint and popliteal cyst is usually between the heads of the gastrocnemius and has a valve-like structure, allowing fluid to flow in only one direction (Taylor, 1971) .
SYNOVIAL FLUID VOLUMES, COMPOSITION AND BLOOD LOSS
The rate of synovial fluid production in health and disease is not known. The average daily output derived from our figures over 12 days is 79 ml., with diurnal fluctuations showing an increased daytime output during periods of exertion. Increased synovial fluid volumes are associated with increased intra-articular pressure on exertion especially in disease (Jayson and Dixon, 1970b) . However, in the presence of a fistula, intra-articular pressures will be relatively low, thus decreasing one important aspect of interstitial fluid exchange. Our figures cannot therefore be compared with the synovial fluid production and composition in an inflamed joint without a fistula. The finding that the synovial fluid was bloodstained after exertion is not unexpected when one considers the hypertrophy and increased vascularity of rheumatoid synovium. Although such a phenomenon has often been postulated, its actual occurrence has not, to the best of our knowledge, been previously demonstrated. The fluctuating Cr5' surface counting trace indicates that intermittent bleeding was also occurring into the left knee, i.e. in the absence of a fistula. Synovial fluid from inflamed rheumatoid joints seldom contains grossly visible blood (assuming an atraumatic puncture), probably through the extremely effective phagocytosis of synovial membrane, but there are always some red blood cells microscopically.
THE ANAEMIA Of major importance in this patient's anaemia is a greatly increased plasma volume in the presence of a normal red cell mass (Table III) leading to a dilutional anaemia. This cause of anaemia is well documented in rheumatoid arthritis; it is thought to be the result of the increased plasma volume 'trapped' within an enlarged spleen (Prankerd, 1963 ) and probably plays a major role in the anaemia of Felty's syndrome (Blendis, Ansell, Lloyd-Jones, Hamilton, and Williams, 1970) . In addition, the surface counting results indicate sequestration of red cells within the spleen with subsequent breakdown and storage of their iron.
It is interesting that the patient had a persistently increased platelet count which is always suggestive of chronic bleeding. Her faecal occult blood tests were always negative but there was persistent escape of blood and iron from the fistula. We estimate that, during the 7 months before closure of the fistula, 450 ml. of blood were lost. If a similar amount of blood was lost from the circulation into the left knee (as suggested by the Cr5' counting) the patient probably lost nearly a litre of blood over the course of 7 months, into her knees alone. An increased platelet count in the absence of obvious bleeding is fairly common in rheumatoid patients (personal observation) and we suggest this could result partly from chronic intra-articular bleeding, producing an occult blood loss, in the true sense of the word, as the red cells are rapidly phagocytosed and the iron sequestrated into the synovial membrane.
It has been proposed (Muirden, 1970 ) that deposition of iron in the synovial membrane and its subsequent nonavailability for erythropoiesis is an important contributory factor in the anaemia of rheumatoid arthritis. The surface counting results in this patient suggest that synovial iron deposition is only a reflection on a small scale of a generally increased sequestration of iron from effete red blood cells by a hyperactive reticuloendothelial system.
The rise in the serum albumin 6 months after closure of the fistula (1-4 to 3-6 g./ml.) suggests that the initial low value was partly dependent upon loss through the fistula. We estimate that before the fistula was closed she had lost approximately 220 g. albumin by this route. The failure of haemoglobin, platelets, and serum iron to change significantly indicates either that the loss of blood from the fistula was insignificant or that the status quo was being maintained by continuing intra-articular bleeding and sequestration. 
